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HARVESTのシミュレーションでは、 GIS解析用の 4種類のデジタノレマップ (ForestAge Map : 
















Management area/ unit ID 
Forest Type Value 
Harvest Size targeted 
Dispersion Methods 
Minimum Age allowed for Harvest 
Amount to Harvest targeted 
Adjacency Constraints 
Provide Buffer to MAI FT 
Output 
巴Time岬stepStand Age Map 
巴PotentialHarvest Zones ・Cell-basedharvest allocation ・Sizedistribution ・Totalharvest Area 
ロAmountofForest Interior 
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昭和 37年 6月 16日、森林開発公団名古屋支所津駐勤所として設置され、翌 38年 6月 1S" 
津出張所が開設し、和歌山県の飛地一部を含めて三重県全域を管轄区域として業務を開始し













除地・岩石等 2，979ha(210/0)の通りである。昭和 36年度 (1961)から平成 14年度(2002)の
41年間の植え付け面積の実績は、図から明らかなように何度かのピーク(昭和 40年、昭和
54年度、昭和 62、平成 9年の各前後)を持ちながら全体として減少してきた。最初の大きな
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図-5市町村別事業実況状況:2002年現在
契約形態別の植栽面積についてみると、造林費負担別では r2者契約j が面積ベースで全体の
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30，754 97 56 
三重県松阪地方県民局管内の宮川・櫛田)1両流域の森林林資源、の蓄積量は、県全体の 23%に当










① 林家戸数 18， 708戸 1ha以下の山林保有林家 62.9出
50ha以上 0.9出





























平成 14年度の資源実態調査結果によると、スギ 121.84ha(材積36，909m3)、ヒノキ 148.65ha
































磨き丸太 密仕立て 13 20 
スギ
芯持ち柱材 密仕立て 17 35 
一般建築材 中仕立て 27 45 
造作材 中仕立て 36 75 
芯持ち柱材 密仕立て 17 40 
ヒノキ 一般建築材 中仕立て 27 60 
造作材 中仕立て 36 80 
表情4間伐の標準的な方法
間伐時 間伐後立 間伐率
期(林齢) 木本数 本数割合 材積割合
18-22 2.700-3.700 20 10 
23-27 2.000-2.800 25 13 
28-32 1.500-2.100 25 15 
























~ Age Map :林齢図
~ Forest Type Map :森林タイプ(樹種)図
~ ManagementArea Map :管理図(所有、利用区分別等)
~ Stand 10 Map :林分識別図(林小班、作業区分等)




① Model から"LoadMap Set"を選択し、 AgeMap、ForestType Map、
Management Area Map、Stand 10 Map のJI/震に
データを入力する。







③ GISデータ領域から設定した条件に適う伐採地点(画像の画素単位:8.8m x 8.8ml 0.007ha) 
を抽出するための探索スタート画素をコンピュータの中で乱数を発生させて決定する(通常
はdefault値10)
持部品。fl1NumberS鵠d: 1 0 
(0 for comput桜 generat凶j♂
i怒









“Management Area 10"で、管理区域や所有主体別に応じた解析領域を決定する。 GIS作成時の
ドキュメントファイルに 10欄を設けることにより 3 ントロー ノレするD 次の"ForestType Value"は
解析対象樹種に応じて選択する。例えば、 r1:スギ」、 r2 :ヒノキJ、r3 :広葉樹j のように。










るときは GoTo Next γimestep、収穫該当個所を確認するときは UpdateMaps、Exitで終了。終了
後に、シミュレーション結果である AgeMapに名前を付けて保存する。
“Minimum Age Allowable Harvest(yrs)吋土、最小許容伐期齢を与える。この例では、 180年Jを
設定しているが、間伐や択伐が実行される場合には、主伐(終伐)齢とは必ずしも一致したいの
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シミュレー ション区域分布図 1 :シミュレーション対象区域
: 園田画






1 • I川M醐 X: 22制2制引2目



















週笠:tJ 1 泊 。凶 ~ ...j制疎 |国側白州P叩Pant-t.I...j1O幅削 1 幽雌
品血l主j








パラメーター シミュレーション・タイプVARl VAR2 VAR3 VAR4 VAR5 VAR6 VAR7 VAR8 VAR9 VAR10 VARll VAR12 単位
D:分期 年 5 5 5 5 5 5 5 5 5 10 10 10 
2):樹種 スギ スギ スギ スギ スギ スギ ヒノキ ヒノキ ヒノキ スギ スギ スギ
年 80 80 80 80 80 80 80 80 80 80 80 80 
最小許容伐期齢 年 45 45 45 45 45 45 45 45 45 45 45 80 
目標伐採面積 ha 50 25 50 25 100 100 50 100 100 20 50 20.6 
参平均伐区面積 ha 2 2 2 2 2 2 
⑥の標準偏差 ha 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
⑤:最小伐区面積 ha 0.01 0.01 0.09 0.01 0.1 0.1 0.1 0.1 0.1 0.01 0.01 0.09 
⑨⑩分と:最伐の採大緑伐規被制区期面(間隣積) 接林
2 2 2 2 5 5 5 5 5 2 2 5 
年 13 13 NA料 NA NA 13 NA NA 13 NA NA NA 
⑫バッ:隣フ接ァー林分への 行1 25 25 NA NA NA 25 NA NA 50 NA NA NA 
|⑬間シミュレーション期 年 250 300 155 150 145 155 150 305 180 300 290 200 













































3 5 7 9 1 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 
分期
分期別推定伐採菌積:SVAR3 




















3 5 7 9 1 13 15 17 19 21 23 25 27 29 
分期
分期別推定伐採面積:SVAR5 
























3 5 7 9 1 13 15 17 19 21 23 25 27 29 
分期
分期別推定伐採面積:SVAR7 



























9 1 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 
分期
分期別推定伐採面積:SVAR9 




















3 5 7 9 1 13 15 17 19 21 23 25 27 29 31 
分期(10年)
分期別推定伐採面積:SVARll 






























SVAR1 SVAR2 SVAR3 SVAR4 SVAR5 SVAR6 SVAR7 SVAR8 SVAR9 SVAR10 SVAR11 SVAR12 
0.71 1.04 O 0.67 0.64 O 1.93 2.05 1.41 0.55 0.59 G 
2 1.87 0.55 1.47 0.17 2.75 0.22 2.02 1.13 1.61 0.84 0.37 O 
3 1.07 1.42 0.88 2.79 2.32 1.89 2.55 1.81 0.26 0.25 C 
4 1.09 0.78 0.97 1.27 2.25 1.41 1.16 1.76 1.88 0.88 1.16 O 
5 1.95 0.48 0.54 0.81 2.66 1.93 2.51 1.67 2.04 1.34 0.35 2.36 
6 0.76 1.48 1.23 1.38 2.44 2.09 2.64 2.26 1.83 0.82 0.8 1.41 
7 0.83 0.58 0.8 1.47 0.96 1.87 1.56 0.68 2.57 0.73 0.89 2.39 
8 0.74 1.16 0.67 0.9 1.86 2.13 1.89 1.53 1.92 1.72 1.6 1.37 
9 0.18 1.11 0.96 0.92 1.55 1.89 1.5 2.02 2.32 0.84 0.99 0.99 
10 1.48 0.13 0.48 0.97 1.97 0.83 2.58 3.19 1.48 1.17 0.48 2.49 
11 0.75 0.47 0.31 0.91 1.82 1.97 1.47 1.16 1.79 1.16 1.79 2.04 
12 1.61 0.31 0.95 0.23 2.01 1.76 1.97 2.02 1.94 1.51 0.48 2.01 
13 0.6 1.04 0.14 0.81 1.27 2.16 1.9 2.34 2.36 0.29 0.44 2.02 
14 0.82 0.69 1.01 1.21 1.85 1.62 0.29 2.32 2.52 0.43 0.55 2.72 
15 0.53 1.74 0.22 1.19 1.69 1.58 1.74 1.41 0.23 0.43 1.37 2.65 
16 1.09 0.89 0.95 0.97 1.57 2.77 0.39 1.25 0.88 0.13 1.06 2.22 
17 1.01 0.73 0.64 0.6 2.21 1.98 2.46 2.25 1.36 0.3 1.48 2.21 
18 1.65 1.09 0.71 1.23 0.91 1.14 1.48 2.2 2.36 1.46 1.11 0.92 
19 O 0.76 0.81 1.46 2.03 1.45 2.02 2.15 1.66 0.63 1.72 2.37 
20 0.48 1.11 1.21 0.89 1.59 2.32 1.87 1.89 2.56 0.68 0.96 1.56 
21 0.95 0.83 1.44 0.74 2.22 0.1 1.5 2.22 1.83 0.77 0.08 
22 1.65 1.27 0.83 0.44 1.27 1.73 1.11 1.24 1.09 0.1 0.76 
23 1.82 1.62 1.48 0.51 2.34 1.48 1.67 1.46 1.53 0.81 1.04 
24 0.98 1.09 1.2 0.92 1.25 1.23 2.37 0.97 1.65 1.17 0.87 
25 0.15 1.27 0.77 。噸39 2.19 1.57 1.56 2.74 1.69 1.3 0.09 
26 0.57 1.11 0.53 0.84 1.92 1.97 1.72 2.74 1.96 0.92 1.46 
27 0.1 0.78 0.78 0.15 0.39 2.16 0.22 2.24 2.1 1.32 1.04 
28 0.97 1.1 0.35 0.3 1.39 2.39 1.71 0.95 1.89 1.19 0.97 
29 0.01 1.12 1.23 0.52 1.97 1.92 0.89 2.18 1.81 0.26 0.55 
30 1.35 0.51 0.39 1.05 1.7 1.88 1.55 2.7 1.95 0.18 
31 0.53 0.26 1.63 1.18 2.51 1.02 
32 1.82 1.65 1.61 1.45 
33 1.06 0.31 1.59 2.42 
34 0.57 1.34 0.22 1.52 
35 0.99 1.02 1.86 3.07 
36 0.99 1.93 0.22 
37 0.75 0.98 2.61 
38 1.3 0.78 1.83 
39 0.81 0.6 1.81 
40 0.74 0.84 1.06 
41 0.64 1.04 1.69 
42 1.29 2.11 
43 0.24 0.98 1.4 
44 0.33 0.54 1.34 
45 0.67 1.2 2 
46 1.04 0.64 2.04 
47 1.84 0.82 2.42 
48 0.93 1.29 2.25 
49 0.97 0.1 2.49 
50 0.61 1.8 
51 1.45 1.99 
52 0.64 1.74 
53 0.84 2.09 
54 1.32 2.09 
55 0.77 2.34 
56 1.67 1.88 
57 0.35 2.72 
58 0.08 2.6 









































































































































Simulation V AR 1 
H319Z1 (1 /0.5.0.01 /2.0/45/25m) 
HARVEST -Session log 
Base age map: C:￥HARVEST半IDRI32xdata￥HarvestData￥Age9.gis
Map dimensions (rows x columns): 253 x 250 
Cell width: 8.80 meters Cell area: 0.007 hectares 
Total map area: 442.8 hectares 
Total forested area: 217.0 hectares 
Oldest age class (years): 45 
Map loaded successfully. 
Loaded Forest Type Map: C:￥HARV正ST半IDRI32xdata半HarvestData￥Ftype.gis
Map dimensions (rows x columns): 253 x 250 
Cell width: 8.8 meters Cell area: 0.007 hectares 
Total map area: 442.8 hectares 
Largest Forest Type value: 2 
Map loaded successfully. 
Loaded Management Area Map: C:半HARVEST￥IDRI32xdata半HarvestData半Ryouhou2.gis
Map dimensions (rows x columns): 253 x 250 
Cell width: 8.8 meters Cell area: 0.007 hectares 
Total map area: 442.8 hectares 
Largest Management Area value: 99 
Map loaded successfully. 
しoaded針。ndID Map: C:￥HARVEST半IDRI32xdata半HarvestData半StandlD.gis
Map dimensions (rows x columns): 253 x 250 
Cell width: 8.8 me↑ers Cell area: 0.007 hectares 
Total map area: 442.8 hectares 
Largest stand ID value: 
Map loaded successfully. 
YEAR = 1 -5 
Management Area ID: 
Forest Type value: 
l¥Aean size of harvests: 1.00 hectares 
Standard deviation in harvest size: 0.50 hectares 
Minimum harves↑size: 0.01 hectares 
Maximum harvest size: 2.00 hectares 
Area harvested was input as area 
Percent of forest type to be cu↑ 31.30% 
Percen↑of available forest type to be cut: 0.00% 
Area of forest type to be cut: 50.0 hec↑ares 
Minimum age class (years) where harves↑allowed: 45 
Spatial dispersion method: Dispersed 
Revisit interval (yrs): None 
しengthof time s↑ep: 5 years. 
Adjacency cons↑raints: enforced 
GreenペJpInterval: 13 years 
Riparian Buffers: enforced 
Forest Type Value that 0 buffer was placed around: 0 
-36・
Buffer distonce: 26.4 me↑ers 
Horvests moy spil in↑o other stonds. 
Not enough suitable stonds to meet horvest torget ( 50.00 ho) yeor = 1 
Yeor Area horvested (ho) 
5 0.00 
Simulotion wos completed successfully 
YEAR = 6四 104
Not enough suitable stonds to mee↑horvest torget ( 50.00 ho) yeorコ6
Yeor Areo horvested (ho) 
10 0.71 
Simulotion wos completed successfully 
YEARロ 1-15 
Not enough suitable s↑onds to meet horves↑torge↑ 50.00 ho) yeorロ 11 
Yeor Area horvested (ho) 
15 1.87 
Simulotion wos completed successfully 
YEAR = 16問 20
Not enough suitoble stonds to meet horvest torge↑ 50.00 ho) yeor = 16 
Yeor Area horvested (ho) 
20 1.07 
Simulation wos completed successfully 
YEARロ21-25 
Not enough suitable stonds↑o meet horvest torget ( 50.00 ho) yeor = 21 
Yeor Area horves↑ed (ho) 
25 1.09 
Simulotion wos completed successfully 
YEARコ26-30 
No↑enough suitoble s↑onds to meet horves↑orget ( 50.00 ho) yeor = 26 
Yeor Area horvested (ho) 
30 1.95 
Simulotion wos completed successfully 
YEAR = 31 -35 
No↑enough suitoble s↑onds to mee↑horvest torget ( 50.00 ho) yeorコ31
Yeor Area horvested (ho) 
35 0.76 
Simulotion was comple↑ed successfully 
YEARご 36-40 
Not enough suitoble stonds to meet horvest torget ( 50.00 ho) yeorロ36
Yeor Areo horves↑ed (ho) 
40 0.83 
Simulotion was completed successfully 
YEAR口 41ω45
No↑enough suitoble s↑onds to meet horvest torge↑ 50.00 ho) yeor = 41 
Yeor Area horvested (ho) 
45 0.74 
Simulotion was completed successfully 
YEAR = 46 -50 
Not enough suitoble stonds to meet horvest torget ( 50.00 ho) yeorコ46
Yeor Areo horvested (ho) 
50 0.18 
Simulation wos completed successfully 
YEARロ 51申 55
Not enough suitoble stonds to meet horvest torge↑ 50.00 ho) yeorコ51
-37 -
? 『??
Year Area harvested (ha) 
55 1.48 
Simulation was completed successfully 
YEAR = 56 -60 
Not enough suitable stands↑o meet harvest target ( 50.00 ha) year = 56 
Year Area harvested (ha) 
60 0.75 
Simulation was comple↑ed successfully 
YEARロ 61-65 
Not enough suitable stands↑omee↑harvest target ( 50.00 ha) yearコ61
Year Area harvested (ha) 
65 1.61 
Simulation was completed successfully 
YEAR = 66四 70
Not enough suitable stands↑o meet harvest targe↑ 50.00 ha) year = 66 
Year Area harvested (ha) 
70 0.60 
Simula↑ion was completed successfully 
YEAR = 71-75 
トlotenough suitable stands to meet harves↑target ( 50.00 ha) year = 71 
Year Area harvested (ha) 
75 0.82 
Simula↑ion was completed successfully 
Y正AR= 76 -80 
Not enough sui↑able stands to meet harvest target ( 50.00 ha) year = 76 
Year Area harvested (ha) 
80 0.53 
Simulation was completed successfully 
Y正AR= 81 -85 
No↑enough suitable stands to meet harvest target ( 50.00 ha) yearコ81
Year Area harvested (ha) 
85 1.09 
Simula↑ion was completed successfully 
YEAR = 86 -90 
Not enough suitable stands to meet harves↑target ( 50.00 ha) year = 86 
Year Area harves↑ed (ha) 
90 1.01 
Simulation was completed successfully 
YEAR = 91 -95 
トlotenough suitable stands↑omee↑harvest target ( 50.00 ha) year = 91 
Year Area harvested (ha) 
95 1.65 
Simulation was comple↑ed successfully 
YEARご 96但 100
Not enough suitable stands to meet harves↑arget ( 50.00 ha) year = 96 
Year Area harves↑ed (ha) 
100 0.48 
Simulation was completed successfully 
YEARコ 101-105 
Not enough sui↑able stands to meet harvest targe↑ 50.00 ha) year = 101 
Year Area harvested (ha) 
105 0.95 










YEAR = 106 -110 
No↑enough suitable stands↑o meet harvest target ( 
Year Area harves↑ed (ha) 
110 1.65 
Simulation was completed successfully 
YEAR = 111 -115 
50.00 ha) year = 106 
Not enough suitable stands to meet harvest target ( 50.00 ha) year = 111 
Year Area harves↑ed (ha) 
115 1.82 
Simulation was completed successfully 
Y EA R = 16 -1 20
Not enough suitable stands to meet harvest target ( 50.00 ha) year = 116 
Year Area harvested (ha) 
120 0.98 
Simulation was completed successfully 
YEAR = 121四 125
Not enough suitable stands↑omee↑harves↑target ( 50.00 ha) yearロ 121
Year Area harves↑ed (ha) 
125 0.15 
Simulation was completed successfully 
YEARコ 126-130 
Not enough suitable stands to meet harves↑targe↑ 50.00 ha) year = 126 
Year Area harves↑ed (ha) 
130 0.57 
Simulation was completed successfully 
YEA R = 131 -135 
Not enough suitable stands to meet harves↑target ( 50.00 ha) year = 131 
Year Area harvested (ha) 
135 0.10 
Simulation was completed successfully 
YEAR = 136 -140 
Not enough suitable stands↑omee↑harvest targe↑ 50.00 ha) year = 136 
Year Area harves↑ed (ha) 
140 0.97 
Simula↑ion was completed successfully 
YEAR = 141 -145 
Not enough suitable stands to meet harvest targe↑ 50.00 ha) year = 141 
Year Area harves↑ed (ha) 
145 0.01 
Simula↑ion was comple↑ed successfully 
YEAR=146-150 
No↑enough suitable stands to mee↑harvest targe↑ 50.00 ha) year = 146 
Year Area harvested (ha) 
150 1.35 
Simulation was completed successfully 
YEARコ 151-155 
Not enough suitable stands to mee↑harvest target ( 50.00 ha) year = 151 
Year Area harvested (ha) 
155 0.53 
Simulation was comple↑ed successfully 
YEAR = 156 -160 
Not enough sui↑able stands to mee↑harvest target ( 50.00 ha) year = 156 
Year Area harvested (ha) 
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160 1.82 
Simulotion was completed successfully 
YEAR = 161 -165 
Not enough suitoble stonds to meet harvest torget ( 50.00 ha) yearコ 161
Yeor Area harvested (ho) 
165 1.06 
Simulotion was completed successfully 
YEAR = 166悶 170
Not enough suitoble stands↑o meet harvest torge↑ 50.00 ha) yeor = 166 
Yeor Area harvested (ho) 
170 0.57 
Simulotion was completed successfully 
YEAR = 171山 175
トJotenough suitoble stands to mee↑harves↑target ( 50.00 ho) year = 171 
Yeor Areo harvested (ho) 
175 0.99 
Simulation was completed successfully 
YEARコ 176-180 
Not enough suitable stands to meet horves↑target ( 50.00 ho) yeor = 176 
Yeor Areo horvested (ha) 
180 1.00 
Simulotion was completed successfully 
YEARロ 181-185 
Not enough suitable stands↑o meet harvest torget ( 50.00 ho) yeor = 181 
Yeor Area horvested (ha) 
185 0.75 
Simula↑ion was completed successfully 
YEAR = 186 -190 
Not enough suitable stands to meet harvest torget ( 50.00 ho) yeor = 186 
Year Areo horvested (ho) 
190 1.30 
Simulo↑ion wos comple↑ed successfully 
Y EA R = 1 9 -1 95 
Not enough suitoble stonds to mee↑horvest torge↑ 50.00 ho} yeor = 191 
Year Areo horvested (ha) 
195 0.81 
Simulo↑ion wos completed successfully 
YEAR = 196司 200
Not enough suitoble stonds↑o meet harvest torge↑ 50.00 ho} yeor = 186 
Yeor Area horvested (ha) 
200 0.74 
Simulotion wos completed successfully 
YEAR = 201 -205 
Not enough suitoble stonds to meet horvest torge↑ 50.00 ho) yeor = 201 
Yeor Area horvested (ha) 
205 0.64 
Simulo↑ion wos completed successfully 
YEAR = 206 -210 
Not enough suitoble stonds to meet horvest torget ( 50.00 ho) yeorコ206
Yeor Areo horvested (ho) 
210 1.29 




Not enough suitoble stonds↑o mee↑horves↑orget ( 50.00 ho) yeor = 211 
Yeor Areo harvested (ho) 
215 0.24 
Sirγiulotion wos comple↑ed successfully 
Y EA R = 216 -220 
Not enough suitoble s↑onds↑o meet horves↑torget ( 50.00 ho) yeor = 216 
Year Area harvested (ha) 
220 0.33 
Simula↑ion was completed successfully 
YEAR = 221 -225 
No↑enough suitoble s↑onds to meet harvest torge↑ 50.00 ho) year = 221 
Year Area harves↑ed (ha) 
225 0.67 
Simulation was completed successfully 
YEARコ226-230 
Not enough suitoble s↑ands to meet harves↑orget ( 50.00 ha) year = 226 
Year Area harves↑ed (ha) 
230 1.04 
Simulo↑ion was completed successfully 
YEARコ231司 235
ト10↑enoughsuitable stonds to meet harvest target ( 50.00 ha) year = 231 
Year Area harvested (ha) 
235 1.84 
Simulo↑ion wos completed successfully 
YEARロ 236司 240
Not enough suitoble s↑onds to meet horves↑torget ( 50.00 ho) yeor = 236 
Yeor Areo horvested (ho) 
240 0.93 
Simulotion wos comple↑ed successfully 
YEAR = 241悶 245
Not enough suitoble stonds to meet horvest torget ( 50.00 ho) year = 241 
Year Areo horvested (ho) 
245 0.97 
Simulo↑ion was completed successfully 
YEAR = 246 -250 
P ATCH ANALYSIS (sEFORE HARVEST) YEAR =246 
Total boundory length between different-oged cells = 29.55 km. 


































TOT AL NUMBER OF P ATCHES AND A YERAGE SIZES FOR ALL MANAGEMENT AREAS 









































NUMB正ROF P ATCHES BY SIZE CLASS FOR ALL MANAGEMENT AREAS: 
Age class (decades)く1(ha) 1-10 10四50 50-1 00 100ぺ000>1000 (ha) 
2 000 0 0 
2 020 0 0 0 
3 3 000 0 0 

























YEAR =246 INTERIOR/EDGE ANALYSIS (BEFORE HARVEST) 
Interior buffer distance: 52.8 meters 
Number of years openings persis↑ 20 
Non-forest value in Forest Type Map: 0 
Area of interior habitat = 24.26 hectares 
Area of edge habitat = 130.71 hectares 
電J刑 J.ωa即日程弘主主主主主旦"'-M丘三三旦丘三旦2と笠笠丘旦並土竺竺坐













5imulafion V AR2 
5319Z1 (1 fO.5.0.01 f2.0f45f25m) 
HARVEST -Session log 
Base age map: C:半HARVEST半IORI32xdata半HarvestData半Age9.gis
Map dimensions (rows x columns): 253 x 250 
Cell width: 8.80 meters Cell area: 0.007 hectares 
Total map area: 442.8 hectares 
Total forested area: 21 7.0 hectares 
Oldest age class (years): 45 
Map loaded successfully. 
Loaded Forest Type Map: C:半HARVEST半IORI32xda↑G￥HarvestOata半Ftype.gis
Map dimensions (rows x columns): 253 x 250 
Cell width: 8.8 meters Cell area: 0.007 hectares 
Total map area: 442.8 hectares 
Largest Forest Type value: 2 
Map loaded successfully. 
しoadedManagement Area Map: C:￥HARVEST￥IORI32xda↑G￥HarvestOa↑G￥Ryouhou2.gis 
Map dimensions (rows x columns): 253 x 250 
Cell width: 8.8 meters Cell area: 0.007 hec↑ares 
To↑al map area: 442.8 hectares 
Largest Management Area value: 99 
Map loaded successfully. 
Loaded Stand 10 Map: C:半HARVEST半IDRI32xdata￥HarvestOa↑G半S↑andlO.gis
Map dimensions (rows x columns): 253 x 250 
Cell width: 8.8 meters Cell area: 0.007 hectares 
Total map area: 442.8 hectares 
しargeststand 10 value: 
Map loaded successfully. 
PATCH ANALYSIS (BEFORE HARVEST) YEAR =296 
Total boundary length between different-aged cells = 34.83 km. 








































TOT AL NUMBER OF P ATCHES AND A VERAGE SIZES FOR ALL MANAGEMENT AREAS 
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Simulation V AR3 
HARVEST -Session log 
Base age map: C:半HARVEST半IDRI32xda↑G半HarvestDa↑G半Age9.gis
Map dimensions (rows x columns): 253 x 250 
Cell width: 8.80 me↑ers Cell area: 0.007 hectares 
To↑al map area: 442.8 hectares 
Total forested area: 217.0 hec↑ares 
Oldest age class (years): 41 
Map loaded successfully. 
Loaded Forest Type Map: C:￥HARVEST￥IDRI32xda↑G￥HarvestData￥Ftype.gis 
Map dimensions (rows x columns): 253 x 250 
Cell width: 8.8 meters Cell area: 0.007 hectares 
Total map area: 442.8 hectares 
Largest Forest Type value: 2 
Map loaded successfully. 
Loaded Management Area Map: C:￥HARVEST半IDRI32xdata半HarvestData￥StandlD.gis
Map dimensions (rows x columns): 253 x 250 
Cell width: 8.8 me↑ers Cell area: 0.007 hectares 
Total map area: 442.8 hectares 
Larges↑Management Area value: 
Map loaded successfully. 
Loaded Stand ID Map: C:￥HARVξST￥IDRI32xda↑G￥HarvestData￥Ryouhou2.gis 
Map dimensions (rows x columns): 253 x 250 
Cell width: 8.8 meters Cell area: 0.007 hectares 
Total map area: 442.8 hectares 
Largest 5↑and ID value: 99 
Map loaded successfully. 
PATCH ANAL YSIS (BEFORE HARVEST) YEARご 156
Total boundary length between different由agedcells = 20.81 km. 
AGE CLASS DISTRIBUTION FOR ALL MANAGEMENT AREA V ALUES 



























































Total (al age classes) 52 4.172 
NUMBER OF P ATCHES BY SIZE CLASS FOR ALL MANAGEM正NTAREAS: 
Age class (decades) <1 (ha) 1-10 10伽50 50-100 100-1000> 1000 (ha) 
2 O O O O 
2 2 O O O O O 
3 2 O O O O 
4 O O O O 
5 2 O O O O 
6 2 O O O O O 
7 4 O O O O O 
8 O O O O 
? 3 O O O O O 
10 2 O O O O O 
1 6 O O O O 
12 2 O O O O O 
13 O O O O O 
14 O O O O O O 
15 O O O O O O 
16 O O O O O 
17 13 O O O 
Total 40 11 O O O 
INTERIOR/EDGE ANAL YSIS (BEFORE HARVEST) YEAR =156 
In↑erior buffer distance: 52.8 meters 
Number of years openings persist: 20 
Non-forest value in Forest Type Map: 0 
Area of interior habitat = 29.96 hectares 
Area of edge habitat = 125.42 hectares 
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Simulation V AR4 
S0319(ljOj5jO.Olj2j45j50ha) 
HARVEST -Session log 
Base age map: C:￥HARVEST半IDRI32xdata￥HarvestData半Age9.gis
Map dimensions (rows x columns): 253 x 250 
Cell width: 8.80 me↑ers Cell area: 0.007 hectares 
Total map area: 442.8 hectares 
Total forested area: 217.0 hectares 
Oldest age class (years): 41 
Map loaded successfully. 
Rendering map… 
Map Rendered 
しoadedForest Type Map: C:半HARVEST半IDRI32xda↑G半HarvestData半Ftype.gis
Map dimensions (rows x columns): 253 x 250 
Cell width: 8.8 meters Cell area: 0.007 hectares 
Total map area: 442.8 hectares 
しargestForest Type value: 2 
Map loaded successfully. 
Loaded Management Area Map: C:半HARVEST半IDRI32xdata￥HarvestData￥Ryouhou2.gis
Map dimensions (rows x columns): 253 x 250 
Cell width: 8.8 me↑ers Cell area: 0.007 hectares 
Total map area: 442.8 hectares 
Largest Management Area value: 99 
Map loaded successfully. 
Loaded Stand ID Map: C:平HARVEST半IDRI32xdata半HarvestData半StandlD.gis
Map dimensions (rows x columns): 253 x 250 
Cell width: 8.8 me↑ers Cell area: 0.007 hectares 
Total map area: 442.8 hectares 
Largest stand ID value: 
Map loaded successfully. 
Random number seed: 891119807 
YEARご 1-5 
Management Area ID: 
Forest Type value: 
Mean size of harvests: 1.00 hec↑ares 
Standard devia↑ion in harvest size: 0.50 hectares 
Minimum harves↑size: 0.01 hectares 
Maximum harvest size: 2.00 hectares 
Area harvested was input as area 
Percent of forest↑ype to be cut: 15.65% 
Percent of available fores↑type to be cut: 15.65% 
Area of fores↑ype to be cut: 25.0 hectares 
Minimum age class (years) where harvest allowed: 45 
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To↑al (al age classes) 55 3.945 
Spatial dispersion method: Dispersed 
Revisit interval (yrs): None 
Length of time step: 5 years. 
Adjacency constraints: not enforced 
Riparian Buffers: not enforced 
Harvests may spil in↑00↑her stands. 
P ATCH ANAL YSIS (sEFORE HARV日T) YEAR=151 
Total boundary length between different-aged cells = 22.93 km. 







































































































































INTERIOR/EDGE ANAL YSIS (BEFORE HARVEST) YEAR =300 
Interior buffer distance: 52.8 meters 
Number of years openings persist: 20 
Non-forest value in Forest Type Map: 0 
Area of in↑erior habitat = 28.53 hectares 
Area of edge habitat = 128.37 hectares 
細川@刷d噌磨 加・Ho~
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Simulation Tryl/ V AR5 
HARVEST -Session log 
Base age map: C:半HARVEST半IDRI32xdata半HarvestData半Age9.gis
Map dimensions (rows x columns): 253 x 250 
Cell width: 8.80 meters Cell area: 0.007 hectares 
Total map area: 442.8 hectares 
Total forested area: 217.0 hectares 
Oldes↑age class (years): 45 
Map loaded successfully. 
Loaded Forest Type Map: C:半HARVEST￥IDRI32xdata半HarvestData￥Ftype.gis
Map dimensions (rows x columns): 253 x 250 
Cell width: 8.8 meters Cell area: 0.007 hectares 
Total map area: 442.8 hectares 
Largest Forest Type value: 2 
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Loaded Management Area Map: C:半HARVEST￥IDRI32xdata￥Harves↑Data半Ryouhou2.gis
Map dimensions (rows x columns): 253 x 250 
Cell width: 8.8 meters Cell area: 0.007 hectares 
Total map area: 442.8 hectares 
Larges↑Management Area value: 99 
Loaded 針。ndID Map: C:半HARVEST￥IDRI32xda↑G半HarvestData半SlandlD.gis
Map dimensions (rows x columns): 253 x 250 
Cell width: 8.8 meters Cell area: 0.007 hectares 
To↑al map area: 442.8 hectares 
Larges↑stand ID value: 
P ATCH ANALYSIS (BEFORE HARVEST) YEAR = 146 
Total boundary length be↑ween different-aged cells = 28.83 km. 




























To↑01 (01 oge closses) 90 2.41 




























































NUMBER OF PATCHES BY SIZ正CLASSFOR ALL MANAGEMENT AREAS: 
Age closs (decodes) <1 (ho) 1-10 10匂50 50句 100100-1 000 > 1 000 (ho) 
O 3 O O O O 
2 O O O O 
3 O 2 O O O O 
4 O 2 O O O O 
5 2 O O O O 
6 O 2 O O O O 
7 4 2 O O O O 
8 2 2 O O O O 
ヲ O 3 O O O O 
10 8 O O O O O 
1 3 3 O O O O 
12 O O O O 
13 O O O O O O 
14 O O O O O O 
15 O O O O O O 
16 1 2 O O O 
17 26 4 3 O O O 
To↑01 57 28 5 O O O 
INTERIORjEDGE ANAL YSIS (BEFORE HARVEST) YEAR =445 
Interior buffer distonce: 52.8 meters 
Number of yeors openings persist: 20 
Norトforestvolue in Fores↑Type Mop: 0 
Areo of interior hobitot = 27.08 hectores 
Areo of edge hobitot = 125.30 hectores 
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Simulafion V AR6/ Try3 
HARVEST --Session log 
Base age map: C:￥HARVEST￥IDRI32xdata￥HarvestOata￥Age9.gis 
Map dimensions (rows x columns): 253 x 250 
Cell width: 8.80 meters Cell area: 0.007 hectares 
Total map area: 442.8 hectares 
Total forested area: 217.0 hectares 
Oldest age class (years): 45 
Loaded Forest Type Map: C:￥HARVEST￥IDRI32xdata￥HarvestData￥Ftype.gis 
Map dimensions (rows x columns): 253 x 250 
Cell width: 8.8 me↑ers Cell area: 0.007 hectares 
Total map area: 442.8 hectares 
Larges↑Forest Type value: 2 
Loaded Managemen↑Area Map: C:半HARVEST￥IDRI32xdata半HarvestData￥Ryouhou2.gis
Map dimensions (rows x columns): 253 x 250 
Cell width: 8.8 meters Cell area: 0.007 hec↑ares 
Total map area: 442.8 hectares 
Largest Managemen↑Area value: 99 
Loaded Stand 10 Map: C:半HARVEST￥IDRI32xdata￥HarvestDa↑G￥StandlO.gis
Map dimensions (rows x columns): 253 x 250 
Cell width: 8.8 meters Cell area: 0.007 hectares 
To↑al map area: 442.8 hectares 
Largest stand ID value: 
PATCH ANAL YSIS (BEFORE HARVEST) YEAR = 151 
Total boundary length between different-aged cells = 26.07 km. 
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AGE CLASS DISTRIBUTION FOR ALL MANAGEMENT AREA V ALUES 




















































































































































Non-forest value in Forest Type Map: 0 
Area of edge habita↑= 130.39 hectares 
PATCH ANALYSIS (BEFORE HARVEST) YEAR = 151 
Total boundary length between differen↑-aged cells = 
INTERIOR/EDGE ANALYSIS (BEFORE HARVEST) YEAR = 151 
Interior buffer distance: 52.8 meters 
Number of years openings persist: 20 








Simulafion V AR7 
HARVEST -Session log 
Base age map: C:￥HARVEST半IDRl32xdata￥HarvestData￥Age9.gis
Map dimensions (rows x columns): 253 x 250 
Cell width: 8.80 meters Cell area: 0.007 hectares 
To↑al map area: 442.8 hectares 
Total forested area: 217.0 hectares 
Oldest age class (years): 41 
Loaded Forest Type Map: C:￥HARVEST￥IDRI32xdata￥Harves↑Data￥Ftype.gis 
Map dimensions (rows x columns): 253 x 250 
Cell width: 8.8 meters Cell area: 0.007 hectares 
T otal map area: 442.8 hectares 
Larges↑Forest Type value: 2 
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Loaded Management Area Map: C:半HARVEST半IDRI32xdata半HarvestData半Ryouhou2.gis
Map dimensions (rows x columns): 253 x 250 
Cell width: 8.8 meters Cell area: 0.007 hectares 
Total map area: 442.8 hectares 
Larges↑Management Area value: 99 
しoadedStand ID Map: C:半HARVEST半IDRI32xdata￥HarvestData半StandlD.gis
Map dimensions (rows x columns): 253 x 250 
Cell width: 8.8 meters Cell area: 0.007 hectares 
Total map area: 442.8 hectares 
Largest stand ID value: 
YEAR = 1 - 5 
Managemen↑Area ID: 
Forest Type value: 
Mean size of harvests: 2.00 hectares 
Standard deviation in harves↑size: 0.50 hectares 
Minimum harvest size: 0.10 hectares 
Maximum harvest size: 5.00 hectares 
Area harves↑ed was input as area 
Percen↑of forest type to be cut: 31 .30% 
Percent of available forest type to be cut: 31.30% 
Area of forest type↑o be cut: 50.0 hec↑ares 
Minimum age class (years) where harvest allowed: 45 
Spatial dispersion method: Dispersed 
Revisit interval (yrs): None 
Length of ↑imes↑ep: 5 years. 
Adjacency constraints: not enforced 
Riparian Buffers: not enforced 
Harvests may spil into other stands. 
Not enough suitable stands to meet harvest targe↑ 50.00 ha) yearヱ
P ATCH ANAL YSIS (BEFORE HARVEST) YEAR = 150 
T otal boundary length between differen↑-aged cells二 27.85km. 














































































Total (al age classes) 75 2.893 
NUMBER OF P ATCHES BY SIZE CLASS FOR ALL MANAGEMENT AREAS: 










INTERIOR/EDGE ANAL YSIS (BEFORE HARVEST) YEAR = 150 
Interior buffer distance: 52.8 me↑ers 
.58 . 
Number of years openings persist: 20 
Non-fores↑value in Forest Type Map: 0 
Area of interior habita↑= 31 .72 hectares 
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SimulationVAR8/Try2 
HARVEST -Session log 
Base age map: C:￥HARVEST￥IDRI32xdata￥HarvestData￥Age9.gis 
Map dimensions (rows x columns): 253 x 250 
Cell width: 8.80 meters Cell area: 0.007 hectares 
Total map area: 442.8 hectares 
Total forested area: 217.0 hec↑ares 
Oldest age class (years): 45 
Map Rendered 
Loaded Forest Type Map: C:￥HARVEST￥IDRI32xdata￥HarvestData￥Ftype.gis 
Map dimensions (rows x columns): 253 x 250 
Cell width: 8.8 meters Cell area: 0.007 hectares 
To↑al map area: 442.8 hec↑ares 
Largest Forest Type value: 2 
Loaded Management Area Map: C:￥HARVEST￥IDRI32xdata￥HarvestData￥Ryouhou2.gis 
Map dimensions (rows x columns): 253 x 250 
Cell width: 8.8 meters Cell area: 0.007 hectares 
Total map area: 442.8 hectares 
Largest Management Area value: 99 
Loaded Stand ID Map: C:￥HARVEST半IDRI32xdata￥HarvestData￥StandlD.gis
Map dimensions (rows x columns): 253 x 250 
Cell width: 8.8 me↑ers Cell area: 0.007 hectares 
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Total map area: 442.8 hectares Largest stand ID value: 
P ATCH ANAL YSIS (BEFORE HARVEST) YEAR =300 
Total boundary length between differen↑-aged cells = 46.69 km. 


































































15 6 0.543 
16 2 1.078 
17 3 1.745 
18 3 1.101 
19 10 0.338 
20 2 1.593 
21 3 2.058 
22 7 0.143 
23 1 0.174 
24 7 0.081 
25 O 0.000 
26 O 0.000 
27 O 0.000 
28 46 0.850 
29 52 1.757 





































































































Number of years openings persis↑ 20 
Non-forest value in Forest Type Map: 0 
Area of interior habitat = 25.86 hec↑ares 
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Simulation V AR9 /Try4 
HARVEST -Session log 
Base age map: C:半HARVEST半IDRI32xdata半トiarvestData￥Age9.gis
Map dimensions (rows x columns): 253 x 250 
Cell width: 8.80 meters Cell area: 0.007 hec↑ares 
To↑al map area: 442.8 hec↑ares 
To↑al forested area: 217.0 hectares 
Oldest age class (years): 45 
Loaded Forest Type Map: C:￥HARVEST￥IDRI32xdata￥HarvestData半Ftype.gis
Map dimensions (rows x columns): 253 x 250 
Cell width: 8.8 meters Cell area: 0.007 hectares 
To↑al map area: 442.8 hectares 
Largest Forest Type value: 2 
Loaded Management Area Map: C:半HARVEST￥IDRI32xdata￥HarvestData￥Ryouhou2.gis
Map dimensions (rows x columns): 253 x 250 
Cell width: 8.8 meters Cell area: 0.007 hectares 
Total map area: 442.8 hec↑ares 
Largest Managemen↑Area value: 99 
Loaded Stand ID Map: C:￥HARVEST￥IDRI32xda↑G￥HarvestData半S↑andlD.gis
Map dimensions (rows x columns): 253 x 250 
Cell width: 8.8 meters Cell area: 0.007 hectares 
Total map area: 442.8 hectares 
Largest stand ID value: 
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P ATCH ANAL YSIS (sEFORE HARVEST) YEAR = 185 
Totol boundory length between different-oged cells = 26.46 km. 































































Totol (01 oge closses) 97 2.237 
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Age class (decades)く1(ha) 
































INTERIOR/EDGE ANALYSIS (BEFORE HARVEST) YEAR = 185 
Interior buffer distance: 52.8 meters 
Number of years openings persist: 20 Non-forest value in Forest Type Map: 0 














Simulation VAR12jS3111-1 Oterms 
HARVEST -Session log 
sase age map: C:半HARVEST半IDRI32xda↑0半HarvestDa↑G半Age9.gis
Map dimensions (rows x columns): 253 x 250 
Cell width: 8.80 meters Cell area: 0.007 hectares 
T otal map area: 442.8 hectares 
To↑al forested area: 217.0 hectares 
Oldest age class (years): 41 
Loaded Forest Type Map: C:半HARVEST￥IDRI32xda↑G半HarvestData半円ype.gis
Map dimensions (rows x columns): 253 x 250 
Cell width: 8.8 meters Cell area: 0.007 hectares 
Total map area: 442.8 hec↑ares 
Largest Forest Type value: 2 
しoadedManagemen↑Area Map: C:￥HARVEST半IDRI32xdata半HarvestData￥StandlD.gis
Map dimensions (rows x columns): 253 x 250 
Cell width: 8.8 meters Cell area: 0.007 hec↑ares 
Total map area: 442.8 hectares 
Largest Management Area value: 
しoadedStand ID Map: C:￥HARVEST半IDRI32xdata半HarvestData￥Ryouhou2・gis
Map dimensions (rows x columns): 253 x 250 
Cell width: 8.8 meters Cell area: 0.007 hec↑ares 
Total map area: 442.8 hec↑ares 
Largest stand ID value: 99 
P ATCH ANAL YSIS (sEFORE HARVEST) YEARご201
T otal boundary length be↑ween different-aged cells = 17.13 km. 















































































To↑01 (01 oge c1osses) 4.520 48 
Age c10ss (decodes)く1(ho) 
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n AGIS幽basedinteractive spatial decisio阻 S騒pportsyste閥 forintegrating 
the臨 anageof protection and prod臨ctionforests 
Abstract 
Protected forests require management strategies that differ from productive forests， but it is necessary 
to integrate management of both forests from a landscape perspective. This integration is neceSSaIγfor 
protected forests to be managed in the most economical and sustainable way possible， and to make sure that 
management of adjacent productive forests does not negatively affect protected forests. Traditional 
approaches to forest management planning do not offer this integration because they lack a holistic (i.e.， 
multiple values) and spatial approach. In this paper the author describes the development of a spatial 
decision support system using GIS， and harvest schedule/allocation modelラ whichallows simulation of 
potential forest resource management activities from a landscape perspective. This approach combines 
landscape perspective with improved analytical tools. It enables resource managers to design and 
demonstrate the long-term conservation outlook of forest resources under alternative management 
strategies with multiple objectives (economicラenvironmental，and social). 
Keywords: susta初めたforestmanagement， spatial decision support system， hαrvest schedulingilαllocation 
model， vIsualfeedback， GIS 
I臨troduction
In order to deal with sophisticated issues of integrating forest resources management with 
environmental， and social values and objectives in a sustainable manner， more holistic and spatial 
approaches than traditionally applied is necessary to manage forest ecosystem from a perspective of stands 
(Baskent and Jordan 1995; Forman 1995). By taking a landscape perspective， combined with improved 
analytical tools to support the consensus-based management decision同making，it may be possible to 
benchmark forest management practices to meet an adequate scale or level of potential impacts caused by 
silvicultural and harvesting activities (Fig.1). 
As a timber harvesting management toolラlinearprogramming solution applying Harvest Scheduling 
Model (HSM) (e.g. FORPLAN) has been developed and put to practical use. It displays its great abi1ity in 
acquiring optimum answers， which maximize the volume of timber harvesting by compartment or 
sub-compartment unit. The latest HSM emphasizes spatial aspects of management planning from the 
landscape perspective (Kurttila 2001; Murray 1999; Yoshimoto 2001). Special aspects， called adjacency 
constraints， limit the harvest of adjacent units. This type of approach will help to recognize the potential 
impact ofbroader regional harvest-flow constraints (M、andHoganson 2000; Hoganson and Borgesa 2000). 
When it comes to considering the landscape perspective， howeverラtheability of HSM seems to be 
insufficient because it cannot generate landscape pattems with spatial attributes resulting from initial 
landscape conditions and potential activities for timber harvesting (Gustafson and Crow 1999). In other 
words， HSM cannot manage opening-up scale both in space and time for combining the data of each 




Figure 1 Concept of a proposed SDSS. 
GIS has now made it possible to incorporate spatial components into harvest schedule/allocation 
planning and simulation models. In some cases， the modeling capabilities of a particular GIS may be 
used directly to support decisions on timber harvesting. In other cases， an extemal model is linked to 
GIS database. 
In this paper the author describes the development of a GIS-based timber harvest scheduling 
system oriented toward SFM (Sustainable Forest Management) combined with raster GIS. It offers 
image processing capabilities (IDRISI32) and a harvest schedule/allocation model， and allows 
simulation of differences in terms of the size of timber harvest units， the total area harvested， intervals 
of harvest rotation， and the spatial distribution of harvest areas (HARVEST). 
The emphasis is on providing visual feedback of the outcome (e.g. the resulting pa抗emsof 
forest openings and age class s甘ucture).The proposed approach enables resource managers to have 
the flexibili句rto design and demonstrate a long-term conservation outlook of forest resources under 






Pattems of Spatlal Compatlbllty and Conflcted Deflned: 
Constralnts by the lows， thestandards and guidelnes 
Zonatlon of Management AreasJUnlts 
Spatlal restrlctlon of tlmber harvest openlng 
s 
Planning Strategies 
Tlmber Harvest Sch・dulngand Alocatlon 
'Evaluatlon of Alternatlve 
Scenarlos 
Declslon Maklng through Consensus 
Proces:Stakeholders 
Adaptive SFM 。mplementatlon，Management， Monltorlng， Eduacatlon) 
Figure 2 Framework of a SDSS for adaptive forest management. 
Framework of a GIS・basedtimber harvest scheduling system 
As stated above， a GIS-based tirnber harvest scheduling systern is characterized by the 
cornbination of a raster GIS (IDRISI 32) and a harvest schedule/allocation rnodel (HARVEST). 
Procedures are: separated functionary classification of forest rnanagernent space， harvest 
schedule/allocation and data analysis (Fig. 3). 






















Figure 3 Zonation model to reflect differences in management approach: Bell shaped modeI. 
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隣踊P
Functionary classification of forest management areas 
This procedure classifies forest management space into functionary categories according to 
management plans before harvest schedule/allocation. In this paperヲ threecategories (Static 
Management Zone (SMZ)， Conservative Management Zone (CMZ) and Productive Management 
Zone (PMZ) were defined (Fig. 4). 
Static Management 
Zone (SMZ) 
Conservation Management ~ Production Management 
Zone (CMZ) Zone (PMZ) 
盟Constrainsby the lows 闇Technicaloppo吋unities，闇Sustainabletimber production 





[J Original Vegetation 
. Slope gradient 
鴫Collapselands and its buffer 
. Spatial configuration of 
runoff networks and its buffer 
. The rest zones excluded 
SMZ and CMZ 
』眠
Harvest allocations 
Figure 4 Adaptive standards applied to the zonation to three forest management units. 
SMZ was established to maintain forest ecosystems. SMZ is composed of natural standsヲ
broad-leaved second growth， wildlife habitat and original vegetation， and timber harvesting should be 
avoided. However， essential cares must be given for its public benefits. CMZ was established to 
maintain the forestland condition for forest management operations. In CMZ， slope distribution， landslide 
and mountainous river network were considered. Slope distribution limits logging operations and a百ects
the growth of regenerated tres. In order to avoid spreading out of the existing landslide and its soil loss， it
may be proper to set up a buffer zone. Mountainous river network should be extracted and then a buffer 
zone should be set up in order to protect riparian areas. In order to c1assify conditions of CMZ， such as the 
upper limit of slopeラthewidth of buffer and the form of mountainous river network， various conditions 
based on the surveyed data were considered. CMZ should have limitations on the harvesting methodラand
especially c1ear-cutting should be avoided. PMZ was the remaining zone exc1uding SMZ and CMZ from 
unrestricted forests. PMZ should be kept sustainable for timber production by way of the right tree on the 
right site through positive management. 
Harvest schedule/allocation 
HARVEST has been developed by E.J. Gustafson ofUSDA Forest Service. HARVEST provides 
visual and quantitative means to predict spatial pa抗emsof forest openings produced with altemative 
harvest strategies (Gustafson 1999). The HARVEST approach was adopted allowing flexible input of 
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paral11eters that relate to standards and guidelines for til11ber management areas where various 
management goals were assigned (Gustafson and Crow 1999). HARVEST is a cell-based (raster) 
model and produces landscape pa仕ernswhich have spatial attributes resulting from initial landscape 
conditions and potential timber l11anagement activities (Gustafson 1999; Gustafson and Crow 1999). 
By putting control parameters (Fig. 5) into simulation， we are able to specifシthetime and place for the 
harvest schedule/ allocation， including such conditions as types of forest cove巳topography，and 
wildlife habitat. When strict parameters are input， HARVEST may not be able to find an answer. Once 
HARVEST finds an answe巳wecan examine the result of simulation using output data such as an age 
map of stands. With HARVEST， we can find a solution for scheduling (i.e.， determining the order in 
which individual stands should be harvested). 
Control parameters Output 
Management area! unit ID 




巴 PotentialHarvest Zones ・Cel-based harvest allocation ・Sizedistribution ・Totalharvest Area 
Harvest Size targeted 
Dispersion Methods 
Minimum Age allowed for Harvest ロAmountof Forest Interior and 
Edge Habitat 
Amount to Harvest targeted 
Adjacency Constraints 
Figure 5 HARVEST parameters to simulate alternative management strategies. 
Study area and Methods 
The area chosen for the study was a plantation forest tract of about 1，000 ha located in the northwest 
side of Lake Biwa， Shiga Prefecture Japanラbeingleased to a prefectural corporation of afforestation (Fig. 
6). A number of planning concepts were applied over 20 years (1965刷1989)incIuding an afforestation 
program， silvicultural treatment plans， natural resource promotion projects， ruraI community forestry 
promotion program in rural communities and an integrated watershed management plan. The area planted 
with Cryptmeria japonica (original rotation intervaI: 40 years) amounts to 532 ha and the volume of its 








i作fea of Japan 
闘幽餅伊
6.000 5，000 4，000 
West to East (ln) 
Figure 6 Location of study area (Ieft) and topographic overview of opening up area (532 ha) with 50 m 
contour itlten叫s(right). 
Mountainous river networks were extracted according to the following procedure. Courses of rainfall 
runoff were extracted by the“RUNOFF" function from DEM， and then classified into watershed areas. In 
this way， courses of runoff were extracted by fixed watershed area. 
Next， courses of runoff were compared with the river systems in a 1 :25，000 topographic map based 
on its shape. The course of runoff in a watershed area of 1 ha corresponds to the first order stream in the 
map. In the same way， watershed areas of 4 ha and 25 ha correspond to the second and third order streams 
respectively. The watershed area of 50 ha also corresponds to the perennial stream in the map. Using the 
“BUFFER" function， a buffer zone was set up around the courses ofrunoffbetween 10 m and 100 m with a 
step of 10m each. Mountainous river network and its buffer zone were mapped as CMZ， and the remaining 
part as PMZ. 40 maps in total were prepared as conditions for CMZ (Fig. 7). 
All sorts of maps were combined and then c1assified the area into CMZ and PMZ with 600 (= 




4 ha 25 ha 50 ha 
Watershed area: 1 ha 
Figure 7 Spatial configuration of runoff network simulations・ watershed area (1ha， 4ha， 25ha 
and 50ha); buffer width (10m to 100m with 10m step). 
Harvest schedule/allocation strategies 
Harvest schedule/allocation was planned through HARVEST on the condition that the ratio of PMZ 
area should surpass 80% of the area planted with Cryptmerlαjaponica. The objective of harvest 
schedule/allocation was determined: the present short-term (rotation interval: 40 years) plantation 
management should be sh出edto a long“term (rotation interval: 80 years)ヲandsustainable one. In order to 
realize it， age class structure of stands must be changed gradually from the current pa抗ernof the 
concentration in 3 to 7-age stand class (Fig. 8) to even out throughout the classes. The simulation period 
was set for 80 years (= 16 working periods). The targeted area， for harvesting was decided to be 25 ha 
during every working period. The minimum allowable age for cutting was 40 years at the beginning， and 
then extended gradually in order to avoid plural harvesting at the same place during simulation. As for 
parameters for each harvesting patch， the mean area of cutting was set at 1.0 ha with reference to private 
forest management systems conducted in Shiga and Gifu Prefecture (Shiba 1997; Shiba 1999). The 
maximum p剖chwas 2.0 ha and the minimum was O.Olha (コresolutionof GIS data; its pixel size was 10m). 
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Figure 8 Stand age class distribution in the ongoing forest management plan. 
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Resulting patterns of forest openings 
The relationship between the ratio of the PMZ area and the total area for harvesting were examined. 
Then the number and the mean area of harvesting patches were quantified. AlI the harvesting patches were 
counted during simulation. There were two processing methods for patch territories in a raster map. Cells 
that were in contact diagonally were identified to check if they were the same patch or not. In this paper， 
when cells with the same attributes shared， veliically and horizontally， atleast one side， they were 
identified as the same patch， while those in contact only diagonally were identified as different patches. 
This processing method was common with HARVEST. The mean area of harvesting patches was ca1culated 
using the equation of the total harvesting area divided by the number of harvesting patches. 
From a landscape perspective， changes in number， size and shape of the patches were measured in 
the area with Cryp初1eriaejaponica. Change in patch structure will be proven through this analysis. 
The total number of patches was counted in the area with Cryptmeria japonicα. Concerning the patch 
size， itsmean area was ca1culated by dividing the total area for planting by the total number of patches. The 
edge density and fractal dimension were measured as indices of change in patch shape (Shiba 2001). The 
length of the edge was ca1culated from its total length a抗erdefining the edge as a part of its neighboring 
and yet separate patch. The edge density was ca1culated through the equation of the total planting area 
divided by the length of the edge. The edge density means the length of the edge per fixed area. An 
increase in the edge density means its relative increase in edge environments (Forman 1995). The fractal 
dimension was ca1culated by means of setting up a minimum fractal dimension (= 1.0) from the 
relationship between a pixel area (= 100 m2) and the length of the edge (= 40 m) of a unit pixel. The fractal 
dimension was calculated using the foIlowing equation (Murakami 1997). 
D=2・log(p/4)/log(A) 
where 0 is the Fractal dimension， P the Edge Length， and A the Patch Area. 
Comparison was made between the indices of the present forest patches and the expected ones through 
simulation. 
Results 
Functionary classification of forest management space 
Changes in the ratio of the PMZ area under each condition were examined. As for the slope 
distribution， the ratio ofthe PMZ area decreased to 99.8 %， 98.3 % and 90.3 % as the mapping condition on 
the slope changed from 100 % to 90 % and 80 %， respectively. For collapses， the ratio of the PMZ area 
decreased gradualIy as conditions on the width of a buffer expanded. In the 30 m buffer zone， the ratio of 
the PMZ area was less than 80 %. As for the mountainous river network， the ratio of the PMZ area changed 
greatly in each fixed watershed area. The ratio of the PMZ area decreased substantial1y in the watershed 
area of 1 ha; it decreased to 22.6 % with a buffer zone of 100 m. On the other hand， the ratio of PMZ area 
decreased litle by litle in the watershed area of 50 ha: it only decreased to 89.4 % with a 100 m buffer 
zone. 62 conditions out of al the conditions surpassed 80 % of the PMZ area， and only one condition out of 
62 surpassed 90 % (Table 1). 
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Table 1 The ratio ofPMZ (Productive Management Zone) area after zonation. 
Ratio 
Slope Land Mountainous Ratio of Slope Land Mountainous of 
Gradient collapses river network PMZ Gradient collapses river network PMZ 
Buffer Fixed Buffer area Buffer Fixed Buffer area 
width watershed width width watershed width 
(%) (m) area(ha) (m) (%) (%) (m) area(ha) (m) (%) 
100 10 10 80.8 90 10 4 10 84.8 
4 10 86.2 20 81.6 
20 82.9 25 10 87.8 
25 10 89.2 20 86.5 
20 87.9 30 84.9 
30 86.2 40 83.5 
40 84.8 50 81.6 
50 82.9 60 80.2 
60 81.3 50 10 88.8 
50 10 90.1 20 8.1 
20 89.4 30 87.2 
30 88.6 40 86.4 
40 87.8 50 85.4 
50 86.7 60 84.5 
60 85.8 70 83.7 
70 84.9 80 82.6 
80 83.8 90 81.5 
90 82.7 100 80.3 
100 81.5 20 4 10 80.3 
20 4 10 81.6 25 10 82.9 
25 10 84.2 20 81.7 
20 83.0 30 80.3 
30 81.6 50 10 83.7 
40 80.3 20 83.1 
50 10 85.0 30 82.3 
20 84.4 40 81.6 
30 83.6 50 80.6 
40 82.9 80 10 25 10 80.8 
50 81.9 50 10 81.8 
60 81.1 20 81.1 
70 80.2 30 80.3 
-77・
Harvest schedule/allocation 
The result of 62 conditions of functionary classification for・harvestschedule/allocation is shown 
below. Age class structure of stands changed to an almost even level throughout classes from the current 
concentration in the 3 to 7-age class of stands through simulation (Fig. 9). The targeted area for harvesting 
(= 25 ha) was achieved in the 7 to 13鳳ageclass and the harvesting area decreased gradually in the below 
6-age class. This result suggests that adjacency constraints were controlled by harvesting patches. Stands in 
the 15 and 16-age class were arranged only in the areas of3.60 ha and 0.98 ha respectively because those 
with allowable cutting age for harvesting were not readily available during each working period. Despite 
being far Sh011 of the harvesting area for 15 and 16-age class， the total harvesting area on average 
amounted to 315 ha (Table 2). This figure was equal to 78.7 % ofthe area targeted for harvesting， soit can 
be interpreted that the age class structure of stands is approaching a normal level based on the assumption 
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Figure 9 Stand age class distributions afterharvest scheduling simulation with a rotation 
length of 80 years. 
Table 2 Results of the landscape statistics after harvest scheduling simulation. 
Coefficient 
Variable Mean Standard Minimum Maximum of 
deviation vanatlOl1 
PMZ area (ha) 445.5 14.7 426.4 479.2 0.033 
Total harvesting area (ha) 315.0 23.1 288.8 345.4 0.073 
Harvesting patch number (No.) 426 23.1 390 512 0.054 
Harvesting patch area (ha) 0.74 
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Resulting patterns of forest openings 
The total area for harvesting and the ratio of the PMZ area didn't seem to be correlated. This trend 
can be seen in the variation of coefficients on the total area for harvesting compared with the ratio of the 
PMZ area (Table 2). The number of the harvesting patches and the ratio of the PMZ area don't seem to be 
correlated， either. This trend can also be seen in the variation of coefficients. And the result of the average 
patch area for harvesting was 0.74 ha， not reaching the targeted area ofharvesting (=1.0 ha). 
Figures 10 and 1 show the examples of stand age maps before and after harvest simulation 
respectively. Comparing both figures， large patches of the present landscape pa柱ernwere subdivided into 
smaIIer patches as a result of specifシingharvesting patches in terms of space and time through simulation. 
It is a matter of course that harvest scheduling was limited to the PMZ area. The situation seemed to be that 
there were no or litle harvesting parts especially in nOlihwestern， central and southeastern parts. One 
reason may be that the allocation of harvesting patches in these parts controls the total harvesting area. 
From another viewpoint， harvesting was scheduled continuously at limited spots so that no harvesting 
patches were subdivided due to the concentrated allocation of harvesting patches. This led to the result that 
















Figure 11 Stand age map after harvest scheduling 
simulation with a rotation length of 80 years. 
With respect to the resulting patterns of forest openings (Table 3)， the total number of patches 
increased by 387 %台omthe current 218 to 1，061 post simulation. It can be said that no harvesting patches 
were subdivided nor fragmented because when harvesting patches were allocated， the number of harvesting 
patches was 426. As the total number of patches increased， the mean patch area decreased by 80 % from 
2.11 ha to 0.42 ha. The length ofthe edge increased by 117 %台om155 km to 336 km and the edge density 
also increased by 117%. The fractal dimension increased by 0.4 %台om1.12 to 1.14. This result suggests 
that the patch shape tends to be less complex. The variation in coe百icientson the total number of patches 
and the length of the edge are considered to converge into litle values through simulation. The mean patch 
area and the edge density， depending on the total number of patches and the length of the edge， can be 
expected to show similar tendency because the ratio of forest areas was fixed before and after simulation. 
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Table 3 Comparison of landscape statistics: patch abundance， patch size and patch shape. 
Coe妊icient
Variable Condition Mean Standard Minimum Maximum of 
deviation variatIOn 
Total patch number present 218 40.7 165 341 0.187 
(No.) after simulation 1，061 67.9 906 1，306 0.064 
Mean patch area present 2.1 
(ha) after simulation 0.42 
The length of edge present 155.2 10.3 139.2 182.6 0.066 
(km) a丘ersimulation 336.2 10.0 316.9 360.1 0.030 
Edge density present 348.6 
(m1ha) after simulation 754.9 
Fractal dimension present 1.071 
a丘ersimulation 1.066 
Discussions 
This paper described the deveIopment of a GIS-based timber harvest scheduling system in 
combination with a raster GIS offering image processing capabi]ities within the same system and a harvest 
schedu]e/allocation mode] a]]owing simuIation of differences in terms of the size of timber harvest units， 
the tota] area harvested， interva]s of harvest rotation， and the spatiaI distribution of harvest areas. 
GIS allows the production of spatia] ]and mosaic foIIowing the functionary cIassification strategy. 
The HARVEST capabi1ties were illustrated through exampIes of predicting changes in ]andscape pa杭erns
with spatial and temporal contexts resulting合ominitial landscape conditions and potential harvesting 
activities. This method is not yet achieved by traditional timber harvesting management too]s. 
The flexible management strategies were geared toward mu]tip]e objectives (economic， 
environmenta]， and socia1). Analyses of resulting pa仕ernswill act as a key factor for decision.聞making.
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